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Paper--Pencil Laboratory Achievement Tests in Physics

Haym Kruslak

~rstract

The paper lists a number of typical specific siiills and abilities
associat~d with labcratory insiruction in elemontary shysics. The list
served as a juide in the construction of a number of multiple-choice laboratory
tests in iechanics, ticat, Sound, and Llectricity., The individual tests are

desceribed and t/pical iters from each test are reprodvced, Some of the tests

=were tried on students in three elementary physics courses at the University of
iiinnesota, and the frequency discributions of scores are  iven, A subsequent

repory will describe the work on the compariscns between paper-pencil and per-

forimance tests as well as their relations to other achievement nieasures,
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Paper-Pencil Latoratory Achievement Tests in Physicss

Laboratory work in elementary college physics is evaluated in miost schools
almost entirely by means of latoratory renorts wriuten by the siudent outsice the
classroom, ‘1he need for nore precise instriments for measuring laboratory
achieverent has been peinted out elsewhere (1,2), Since laberatory worik corsists
of »erformance and intellectual orzerations b the student, it is5 reasonatle to
postrlate a two-dimensionnl evaluation anproach: by means of performance tests
and paner-poncil smaminaticns, In a previcus reosort (1) the construction,
adrinistraticn, and characileoristics of performance testis were describwd, An
inspection of the oxisting standardized tcsis in celliege and high school shysics
revealed nractically no guestions directly related te laboratery weork. Therefore
it became necessary to initiate a orc.,ram of paper-pencil test construction to

parallel the invastigation o performance items,

Conference with Consultants
A one-day confercnce was hcla at the University of :.inncsota on June 156,
1952. The object of the conference was to rcvicw tne rork on performance tests
ir physics and to discuss nlans {or future rescarche Pres:nt were Professors
G. Frcier, R, Goouwin, L, Modelsky, D. Rsller, and C, N, iall, the consultants
for the nroject, Dr. C, !lloyt, the Mroctor of the Curcav of Zducational Resecarch,
and Dr. H. Xruglak, the Priacinal Inv-stigzators The latiter reviewed the purposc

cfiithelwroiectiandstne orlciali=sadriacesiaraiichied sl TN T nrs s s s ivalten ERnot i
the general pnhysics laboratorics to examine the perfeormance items whicn had been
left sct up at tihe locaticns after the spring quarter ciamination The con-

sensus of the group was that the cvaluz*ion of labora‘ecry tcacaing in vhysics is
8 J
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an cxtremely immortant prevlem, It was alse brousht out that if wvalid parer-
pencil tosts could be develonncd, much of tho liber involved in s2iting up and
grading oerformance *ests ighe ba oli inated,

The conferces agr ed on e desirability, of cdraving v a 1isty of objactives
which weuld define sp:cifiic s!tills and abilitics charactiristic of the vhysics
lakoratory. Lxanrles of suvch objectives w~re fivent translation from symdosl to
rcal object and vice versa, ectimati of a: .rror, cvaluaiion o2 measuring

insvrumcents in terms of zivo sctting and uniformi=y of scale, cte. 4fter

RN

constructing items for specilic objeciives, a mastor list of the items fith a key
viould be scnt to cconcrating instituticns witil a request for an aspraisal of Llhe
itms. Thus, aleng cach itcm there might be provided a rlace for checking onc of
the choices:

() the item is vory much 1li%e the skill or ability the student used in the lab

( ) ft f 1t SomeVn'hat 1 1 1n " 1t t " 1 t n 1t
( ) i t M not at all ¢ 1 " ] 1 1 ] ] noon 1"
Another apnroach wourll be to sond a list of skills relovant to lzboratory work

with a roouest for a definition cf cach skill and a descrintion of a skill not

ramed on the list, with snecific examales,

Develonmnt of Paper-Poncil Tosts
On July 10, 1952, 3r. C, N. well and H, Kruelak mot to discuss ~lans jor
carrying cut the rocoamendasions of the corifercnce, It w2e apreed to concontrate
on the developmient of tests, cach of vhaich wauld (a) mensure a ve v narrov range
of skills, (b) be rclatively easy te construct, Tne following typical ravbher

than exhaustive list of specific obi.ctives was compiled,

1, Identificztion of awrcratus lrem nmhotograjsns, diasrams, and descrine

tions.




2. Knowledze ef the function of apnaratus, maicrials, and instruments,

3¢ Re2ding ‘nsiruments ceommonly iound in the physics laboraterye

de Symbolic rcorssentation of rcal okiccts and identification of obyects
from thoir symbolic rooresintation,

5., Sclaoction of arnaratus for specific measurercnt or function,

(oY

6. Calecilation proceduvre from speci

p ic data.

7« Readin: and intrenrotation of

raniis,
8. Drawing a ;rann from a sct of exmerimental data,
9. Understanding dircctions for carrying out & specific laberatory
procedure,
10, Recegrition of random and systematic crrors, lizking an crror
analysis fron cxrerimental cata,

A numdber of tasts were develenad with the atove ideas in mind, In sclocting
annropriate items, the test consiructors consulted a large numbor of laboratory
manuals, manufacturcr dircction shoets for spocial anparatus, and catalogs of
scientific cquipments ir. Re Ve Stuart develeued most of the items in liechanics,
Heat, and Scund, Iir. Ke Quisenberry was rosponsible for most of the clectricity
items, As I the case of the pirformancs tests, tiie pancrepencil items vkre scent
to the four consultants for raling on a thrce-point scale: good, fair, and poor,
Considerable effort and time wrere r.quired in finding drawings asid photogranns
that could b2 reproduced ith sharn detail, All the itcms were of the multiple
choice, five-alternative type, Each test will be desecribed bricfly as to the
articular stills it purocorts to measure, Some tynieal itons will be reproduced,

and the score distributions will 2 given for the tesis that have beon administer-

ed, The sceriag forrula for cach iest was LR, whers R is the numbzr of correct

rcsponses and W is the aumbir of roni rosneiscs,
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Dcserintion of Tosts

Error Analysis

This tcst wing dusipnid to samnle the s4ills acquired for: calculating
random and gywtenatic crrers from cim:risontal data tyoicnl of laboratory rork
in clementary rhvsics; handling significeort figurcos; deriving crror equation for

a given physilcal relationshing cvaluating critically crmerimental data for

[ %]
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Y
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consistency; diotermin g the ab c and nor cont acceracy of an asirument
from a vhotogrann ci :ts stvaic; exprossing the accuracy of a physicel miasurenent
from a descrirtion of the liniting accuracy of trhe measuring irstruments,

The test consists of 69 itens. It has not bren adiministercd to any groud

o

to datc, Tollowing is an it which reoceivod a tos reting frem all the four
consultzants,
() A question coftes aslhicd is: Ceould you use 22/7 as the value of n in an

cxperiment:

9}

(a) This is a catch ouestion since 22/7 is the wvaluc of m
(G) The answer is invariably "yes't since the differcnce betweon 22/7
and n is not cnough to make any differonce,

make the indetorminate

4

-~
O
~—

It is oHurmissiblce to use 22/7 for m if yo
(rardon) crror lar;.r than the 2ifirence,
(@) 3ince son gon't mcanure W, it doasn't iniroduce any orrcor ir the

cxporiment so 22/7 is an accerinbls valucs

5 + . y 3 £~ » s om 3 3 Y

(¢) You can usc 22/7 as the valus of w7 3¢ camz of the nsasurcd guantitics
DYC rmAanenMmol A ov\T-/ S, A rmrd Ak £2 oG
-~ it ms L Wl PAE SV AR D 5 AT e S de
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Rcading Instruwments

This test consists of four parts, cach designed to cvaluatc the subjuctl!s
ability to read the scnles of iastrumonts commonly uscd in the clementary chysics
leboratery., Part I has 202 guirtisng on tha vernier caliner, Th: main scale and
the vornior are ranraduced in cne dlagraz with the 2.ros of both coincigent so
as to c¢nable the studont to fina tht loact count of tie inciruncnt. The instru-
ment is then shovm «wth the jews closede The subject is asked to dotirni-l L
ma:nitude and sicr of the z2ro crror. Another drawing of t... samc vernier is
labelizd "jaws closed nn an object"s Tne tostee is asked for a reacding of the
irstrument, Vornicrs writh a varicty of scales were useds Part II contains 16
items on micromoters, The itas are similar to those in Fart I, Part III has
12 items designed to as-raisc the studentt!s ability to read ston watchese The
watcelh faces are reproduced nhotogranhically, approximately full size, Part IV
has 16 items designed to determine the studentt!s skill in reading the scales of
a metoer stick, nrotractor, graduate cslinder, analyticel balance, spring balance,
thermometer, and hydrometore. Some of the scalos are photosrapnic reproductions;
othurs ar: schomnetic drawing s,

Nonc of the items in the Qcading Insirwnents T.sts have been tried on any
group, Two itcms from Part 1 arc renroducced bolew,

() Refer to dizgran #l. {Sce Tipse 1&2, Appendix A)  The zero crror of
v.rnior calipor #111 is
(a) 0,01 cm to b: subtractea from all readings,
() G059 cnm to bu subtracted Jrom all roadings.
(c) 0408 cm t> L. subtracied from all readings,

(d) 0,01 ca %o be alded te 211 reaaings,

(c) 0.09 cr: to be 2-d:d to 211 ruadings,
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() Refer to dia ram #2. The reading of vernicr caliper #111 in diagram
72 is
(2) 1C.0€ cm.
(b) 10,60 cn,
(c) 10.66 cr,
(d) 16,06 cn.

(2) 16,60 cm,
dintification of Apparatus-iicchanics

Tho surrose of tiiis tost i3 to find out how familiar the subject is writh
various Nitces of egquinient used in performing wzperiments in luechanics, Lach
of thc thirty items rofirs to cach of the thirty vhotographs of duvicos and
instrumcnts. The subject is o identify ecach picce of asparatus shovm in the
figurcs, The test was administerced to 118 students in Physics 1 and 166 siudonts
in Physics la, fall quarter 1952, as a pre-test, and as a nost-test to 53 and 70
students rospietively. The Physics 1 course is offered witheut laboratory;
studcnts in Physics la had tac conventional laboratory cxpericncese

The frcquency distributions of scorcs arc shovm in Appendix Bye A tynical
item is reproducced belov,

() Picturc 3 shiows (Sce Fige 3, A~mendix A)
(2) plumb bob, (b) spark ricorder, (c) buzzir, (d) stylus, (c¢) drawing

pcn,

Function of Avparatus-acchanics
This test was designed to mecasure vhe <tudent's undirstanding of the most

cormon usc of the various devices in performing mechanics cxperinients,  The

thirty items are bascd on the samc photogravhs as the Identification of A»paratus
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Tcete The runction of Apnaratus Tost wes also administersd to the Paysics 1 and
la studintse The froquency distributions for the pro-tist and post-test scerces
arc shpovm in Ainpondit Bpe Following is an iten from the test:
() (¢ aspnratus shovn in Figure 3 is usced to (Scc Fige 3, apendix A)

a, rec.ive code,

be record a tinnd csciilatory traca,.

Ce lottir drawings.

de rulc lincs on iactal or wood,

ce &lirn mneints vertvicoily,

Lxporinunts=ncchanics
In this tost thie xaminee is shovm a nhotorsrarh of anneratus desipned to

measure a _iven onysical quantitye Ho 1s asked For additional anparatus, to be
si.lected from another surics of nnotegrapnis, necded to yicld sufficient data for
calculting the ruquired quantity. The pxo.rimints Test was given to the Paysics
1, 1z grouns as o dru-tust and pest-test. The frequency distributions of Lhe
scores are given in Appendix B3, One of the 15 items in the tust is ronroduced
below,
() The sct of anmaratur shom in nicturc L is to he used in obtaining the

data nccessary for finding the cocfficiunt of friction by the inclined

nloanc method, To yirld sufflicicnt data the sct of amaratus labeloed

M (3ec Fige iy Apoindix A)
A, and itcms 70 and X are necezsary
Be and itaoms s and Y 2re necossary

Ce and itums 'Y, Y, wnd Z <r. nocoasary

D, and item 2 are necissary

2, includ:s inc mininwa cqelitient awcessary




letter corrcsponding to tie ropur corrwction, If an iten is

Miscellancous-licchanics

This test consists of two parts, cach naving scven itumse In part 1 there
arc shovm five dinmcnsions on shotepraniis of prysical anonrntus.  The subject is
asked to sclect the mest eppropriate mcasuring instrwacnt cut of the soven shown
in anothir part of the oicture, In part 2 the subject is to identifly two come—
poncnts that arae usod togwthcr, or ar. varts of the samc apparatus. The test was
also administcrcd to thc -roups mentioned in comicction with tre provious three
tests in licchanies.  The score distributicns are shewn in Appendix B).

Heat

The 21 items in this teost arc bnsed on 2 sct of 31 photogrephs of apparatus
corrmonly usced to perform the conventional cxmeriments in heat. The items call
for identification of the anparatus, rccognition of its function, and the
sclection of minimum a2nparatus for petting surficicnt data to determine a given
nhysical quantity, This t.st hns not bucn adninistorcd to datcs Following is an
itcm from tihc test,

Assunme cxpendables such as gas, clectricity, water, ice, and rubber
tubing to be available as neededs In the sllowing question you arc given a list
of itcms, frem which you can deteminc the cxperiment to be performed. Followe

ing the list arc five corrcctions of which only onc is nromer., Record the
AN

L&)

et v.scful in the

exncriment a corrcction is nceded,

() A student roguests the anparatus shovm in plctures 2, 8, 26, (Sec Fig, 9,
anpendix A) and the nccessary <l .ctrical apmaratus. These items will
yicld sufficicnt data .ith thc following corroctien to the list of itoms,

(a) include item 24

(b) clirminate iccr 8




]
1
2

(¢) include items L and 2L
(d) no corrcction nc-ded
() includs itcm 24 =n? ciiiainoete item 2

Somc of tihe consilinants U1t Lii~t the above it was too difficult for che

clomentary stud:ontse It was suggost «d that the nase of the cxperiment to be
performed should be nddeds The Ltens were revised so as to include tre object of
the experiment,
Scund
The 1tams in this tost saianle skills sinilar to thosce mentionced in thoa test
on Heat, Therc are 20 vhotograpins of anparatus commonly uscd in basic cxncriments

or. sound; th2 21 itums refer to the nhotographs, The tist has nobt yet been tried

on any ctudents,

Identification of Apparatus-tlectiricity
From 2 piotcgraph of S4 -icces of clectrical anparatus, the cxaminec
identifics a particulor onc by associating the numbaer of the picturc with onc of
the five terns listed in ¢och iteme Of tao 22 itums in this test 16 have beeun
tricd as 2 pre-test and pest-test on one sroup of Physics 5 and onc groun of
Physics 8 students at the Univorsity of ilinnisota, winter quarter 1952, The

frequency distributicns of the scorcs are shown in Annendix Cy,

Functi~n of apparatus=cloctricity
The items in this test are bascd on the same sot of zhotogramas as the
previous t.st., The puroosc of tne tust is to find ovt the exiint of the student's
familiarity vath the use of thoe various pilces cof clactrical cquimnt, Of the
27 items 10 have been tried on the same grouns as the Icentification of Apparatus
Test=Gloectiricitye The friguoncy distributions of tni scorus arc saovm in

Apicndion Caa
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Function of Apraralus=Zlectriclity
The items in this test arc bascd on the same sct of photograpis as the

“» find out the extoent of th~

[#]
<
12
ct
'J
u

previous toste.  The rurnose of the
studintls familiarity vath the use of ihe various nicceg of cloctrical cnuvinuent,
Of the 27 itens 10 hzve blen tricd on the samc srouns as the ddontificstion of
Lnparatus Test-Elaectricity. The frequiacy distributions ¢f the scorcs ars

shovm in Anmondix Cy.

Elcctrical Circuits

-3
-
(™)
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(%)
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3
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N
ctr
%]
o

f tun photopranihs of wired circuits with numbired come
ponints and U riinals, The main purpose of tnc test is to assess the studints
skill in tracing circuits from schemalic diazgrans and vice versa, There are also
items whiich sale the zutject's ability to recognize the function of the circuit,
the use c¢f certasn cosponents and instruments in it, and knovledge of the opjerat-
ing characteristics of the asscirlies and trheir nsarts. From the LS available
items of this test 26 have been szlected and tired on the above mentioned groups
of Physics 5 and O students. Tue frequency distributions of tue scores are si.ovm
in Appendiz €34 An item v tie test is revroduced belov,

( ) Referring to the schematic diagram at the right

the circuit in »icture 6 is ( See Fir, 6, Ap=- l

-+~

pendix A) | ke :
(a) wired exactly azccording to the sche-atic - e | 2
(b) wrired correctly excert wires 2 and 3 & | >¢52»3::j
should te reversed

(¢) wirew correctly excent resisiances L-5 and C-1 should Le interchanged

(d) wired correctly e:xcept the battery wirss should be reversed

(e) wired correctly exce t wire at 6 siould be meved to 8.
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slectrical leters

This test attemsts to aveluate the studeats

electrical neter, Four phctegravns o the front
Ohaist rernresent four differsnt seitings of the

operating nosition, four of the ¢ight cucstions

avility to read a fairly cumdlex
manel of tie RCA Junicr Vnlt
insirwient, with the needle in

ask for the identification c¢i

th= juantity boing aeasured; the remaining four items ask for the actual recadings
of thn scale, with the uaits, This test was tried on the winter guarter frovds
in Physics b and 0. The frequency <istriboticns of the scores are shomm in
A>rendix Cs,
Syabols=Llectricity-A
The object of the test is to [ind o.t tc¢ what esxttent the student understands
the conventional sy:bols used in eleciricity and is able to assign a syubol to a
iece of electrical equisment re-reseated ty a dicture, The 25 itcns in the test
refer to the »hote rapss usad in the 1de.tificacicn and fuaction tests for
electricity, None of tne iteus have been tried a2s yeie Following is an iten
frow: the test,
() Picture 7 (3eec Fige 7, Appendix A) is best renresented by symbol
de —w b. _;\M/\_C. —'\AA{:"d. m{-j‘b_e. __{ ’___
Syabols=_lectricity=3
rhis tcst 1s desined to evaiuvate ti2 subject's sikill in recogrizirg a
ss/bol fron the naie or tae common use of a piece of clecirical equinmeints This
test Jiffers frawm the Symbols A Test in that {ihe associatiosn in the former is

made beuwreen a conventional 5,001 and a verhal definition or description of the

)

a parztise OFf the 20 items in tris test 15 nave Leen Lired on the Physics 5 and

8 rrouns, T e scere frequencies for ti.e nre-iests and post-tests are snovm in

Aomendis Cp, A typical item is reproduced below,
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() Symbol 8 represents a (an) (See Fig. 8, Appendix A)
(2) inductance, (b) iron core transfer.er, {(c) air core transforrer,
(d) potentioneter, (e) electromagnet.
Tests in Prenaration

Two nore tests ars Leing prersared: O.ilcs and icdern Physics, The test on

ocptics is difficult to construct aleng the sace lines as the tests in other
divisions of ohysies, The clief difficulby lies in vhotogra:hing or renrodacing
ortical surfaces anc images, However, work is in vprogress and there is reason-
at.le assurance that salislactory tests will be available shertly,
The Analysis of Test lResultis

The aper-pencil laboratory tests administered during 1952-53 are being
analyzed, Particular emnhasis will be placed on the investipation of the
rzlationship between written test and ithe laboratory performance tests in the
course sequence, In addition to the iteca analysis, correlation coefficients
between the vwritten and performance tests are being conpoted, as well as the
vritten and pverformance test intercorrelations and the correlations vetwcen both
ferms of the laboratory test and other achieverent measures in physics. It will
also be of interest to know whether or not there have been any significant gains

on each of the tests,
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APPEIIDIX A

ILLUSTRATIONS FOR TEST ITEMS
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appendix Bye. Distribution of Test Sceres, IZfzntificati.n of Annaratus-idechanics

Haxiaum score 120, University of iinnesota Fall quarter 1952-53
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pre i post | pre | post "ﬂ; nre | post | pre | post
f |

109-111
1C6=206 :
1C3=-1C0
100-122 1
97-29
cL=56 1
91-53
88-y0
85~57 2
Sy
79-81
76-78
73-75
70-72
67-69
5L-66
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aprendix Bp, Distrivution of Tect Sceres, Function of Apraratus-Mechanics
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ozl Sere 120 Lniversity of Hinnescta Fall quarter 195253

PlL.ysics lens laboraoory . raysits la-with laberatnoly
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Appendix B3. Pistribution of Test Scoreses Experiments-lechanics

Kaximun Score = 60 University of linnesota Fall quarter 1952-53

Physics l=no laboratory Fhysics la-with laboratoryv
Scere male female nale female
prei post| pre pIst ~pre! pest] pre | pest

6970 1 ! !

51-52
59-50 1
4748
u5-L6é6

L3<li |
L2l-~2
:6-L0
728
:5-36
:3=3k
:1-32
29=30 2 1
27-28
25-26
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Appendix Bj,. Distribution of Test Scorese. Migcellormecus-Mechanics
=1

Maxirum Score = 56 University of Linnesota Fall quarter 1952-53
FPhysics l-no laboratory i Physics la-with lahoratory
Score rale female male female
pre | post | pre |post pre | post | pre | post

1

S0-51 1
L&-L9
LE4T
LL-4S
L2-L3
uG=L1
33-39
36-37
3L-35
22-33
3C=3
2229
26-27
2li~25
22-23
“0=21
18-19
16-17
1-15
12-13
y 10-11
8.9
€-7
L-5
2-3
-1 5
-2-1
-3
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Apperdix Cj. Distribution of Test Scores, University cf Minnesota

Winter quarter 1952-53

Identification of Apparatus-Electricity Furction of Apparatus-Electricity
L Naximum Score = 388 Maximum Score = 108
—Prysics o¥ _____ Physics O L. . ] FFj5ics oF — Physics oo
Score | Pre | Post ~  Fre | Post Score | Pr2 | Post | Pre | Fost
62-£3 66-67 i
60-61 6263 2 L
53-59 3 60-61
5657 58-59 1 2
€L-55 1 1 3 56-57 1 1 11
52-53 5L-55
50-51 5253 1 1 13
uB8-49 2 11 50-51
L6-L7 1 1 L3-L9 z 1
LL-iS L 19 L6-L7 5 3 5
L2-L3 1 1 1 i L4-LS
LO=41 1 2 b y2<k3 3 1 :
38-39 1 1 7 Lo-41 1 3
36-37 2 1 38-39 1 5
3L-35 3 3 L 36-37 1 1 2 1
32-33 I} 3L4-35 1 2 1
3C-31 1 3 il 32-33 1 3 2 3
28-29 1 2 8 3 I 30-31 3 2 1
26-217 ¥ 2 28-29 2
2L-25 L 3 8 3 26-217 3 2 L
22-23 | 2 ! L | 2425 F 2
20-21 | 3 1 5 | 22-23 2 L 1
16-19 7 3 3 3l 20-21 3 L
16-17 S L 18-19 2 1
=15 L 1 L 16-17 5 6
12-13 N 2 14-15 1l 1
10-11 S L 12-13 L 1 2
8-9 3 L 10-11 3
€-7 1l 1 '| B=9 2 1
L=-S 1 1 I 6-17 3 1
2-3 L5 1 2
0-1 1 1 =3 2 1
0-1 3 1 1
“11l--1 3 l 1
N L6 2l 63 51 36 23 60 Sl
#  Prg-dediqal - Dr, Tgcker |
*  kngincering - Dr, 'I‘1an i
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Appendix C2 Distribution of Tcst Scores. University of Minnesota

Viinter quarter 1952-53

Symbols~Electricity B
Waximum Score = 60

Physics 5% Physics 8w
Score Pre | Post Pre | Post

§0-61 ‘ G 1 3 Il
i

58-59
56-57
SL-5$ 3 3 7
52-53
50-51 L 6 10
LB-49
L6-47
LS
L2-43
LOo-L1 1
38-39
36-37
2L-35
32-33
30-31
28-29
2627
2L =25
22-23
20-21
18-19
16-17
14-25
12-13
10-11
8-9
6-17
L-5
2-3
O=-1
-l =1
-3
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~10-9 1
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hppendix C3 . Distributicn of Tect Sccres. University »f Minnesota

“inter quarter 155253

Elzctricil Circuits Flectrical Keters
Maximur S Score = 100 Meximum Ccore = 32
| Physics 5 T Fhysics Us=r : B Pnjs1~s 547 Phys1csgg ¢ I Physics By
Score [fre | Po3s Proa Post |, Score|Pre | Post , Pre Post | Fre Bast
73=75 2 1 || 32 1 |3 ] Lop 12 | 10 ¢ 27
70-72 28 | 1 1 2
6749 1 27 9 |5 3 |10 | 14
6,66 1 Al : [
61-£3 25 |
5860 1 2l 1| p
£5-57 i 23 |1 2 ! 3 1
52-5l 1 1 Il 22 8 2 6 8 19
L5=51 1 21
3648 1 > | 20 1 1
L3-45 1 1 L 19 | 2
1012 1 3 18 1 2 1
27-39 2 1 L 17 3 10 ! 6 1 | 13 18
34-36 1 i 1 16 2 |1 | 1 1 1
31-33 1 15 11
28-30 2 1 5 1L 1 1
25=27 2 7 5 I 1 | 2
22=2l 6 8 112 9 6 9 7 11 8
15-21 5 5 6 11 2 1 3 1 2 2
16-18 | & 3 2 1 10 pt 1
N1 1 8 li 9 3
10-12 | 2 1 18 8 i 8 2
7-9 3 ¥ 14 12 | 7 5 z S 11 13 5
L6 16 | 1 1 13 i 6 3 1
1-3 L 1 13 5 5 1 2
20 |11 10 2 L 1| 1 L
—2—3 | 6 L 1 3 1 3 L
86 i1 2 13 |3 6 1 8
-11--9 1 1 b 5 i1 | 1
~1l==17 1 0 20 L 1 9 1
-~17--19 1 -1 5 1 1
-2 3 1
=3 L 2 1 7 2
- 5 3 1
-5 2
-6 2
8 2 1 3 1 1
N b8 | 2u us | oh ) o4 k9 163 | 51 {116 103

# Pre-medical - Dr, Tucker
»# FEngincering - Ir, Teng
### Engircering -~ Dr, Johnston
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